[19] tlfAR^fniitaiR^S 

[12] t 1 f flj ift 8Jj # 

[21] ZL^fiJ-^ 03121063.5 




[ 51 ] Int. Q 7 

H05B 33/14 

H01L 33/00 H01L 51/20 



[45] 0 2004 ^8^40 



[11] CN 1161002C 



[22] $i»B 2003.3.21 [21] 03121063.5 

[30] ffi&ft 

[32] 2002. 4. 3 [33] CN [31] 02116537.8 
[32] 2002. 8. 13 [33] CN [31] 02125484.2 
[32] 2002. 8. 13 [33] CN [31] 021254842 

[71] ^fuftA m&±¥ 

lfci.lt 100084 ±^m^^T.mm 209A M 

m 


?cA> . a>o . 




[72] SWA fiP i§ iS*SJ& US 3fc«3S 








fefJS^^ 2 iJjHJ^ 23 J5 ffi 


151 



[54] — #W#l«3ft3fe«# 

[57] jgg 

IMR£4II&E( BP^M A ftfi&#tB&J|&5tt*m B £Kj 



I 

oo 

o 
o 

1— < 

CO 



03121063.5 $R f lj H 3S1/2S 



(7), wa*^E^jB-%«ji (2), (7) 2.mta&ftfemm u> in 

%^F#^rM (6), &#se?9e^: st^^m (4) ^wma^w^. 

(id Gtiimw a w«^s«iittieiRs^w«i*ts b mmn^mmmm, 

JP^J 0.5~30.0nm, J9f^W^T#l«#* B MtfjMJP*/ 0.5~10.0nmo 

4. tii^m'i Mttirttimssfi 1 . (2) # 

<4) (3), ffi&tt&ft&mm (4) si%^#igrM 

(6) zm&m-m&mm (5). 

friwan (5) *n,n'--- (l-ts) -n,n'--^s-i, 

4' 

asst. pttw^oi-^^tj+w-^^. 0r%ft*#ttro b 

« N,N'--- -N,N'--#*-l, l'-^^-4, 4'-ZlJK, N,N' 

-N,N' -5R m^m^m) -1, l' -JB**-4, 4' --JRtf 4,4' ,4" -= C3-¥ 
S^S^JK) H^K, JffJiW^^'ffc^'&tSiRZ.**^!*, 2,9--¥S-4,7-z: 
#£-U0-4&3l*##4J--;fc*-U0-$B$i^ 

*«-lH-*^8*H**HU.5-H«l^*)Si2-(4-«pT«*S)-5- (4-&5£g) -1. 3, 
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U * J 51 # 45 M2/2M 



Wo 

10. ««ft«IS^9J9f%D9W«l%9[£3fc«#. flr&Mfe^ftfcJg (6) 

3R«= (H&£*«t> (ykfammwm&m - u-nrntm $m cud, ok 

5, 6, 11, 12-E9*3i^ia*^£*, ^Diffi^miS 10-(2-^# 
4-zHR*3E^S-2-^TS-6-(l, 1, 7, 7-Eg^S-A#&^S-9-Z J 

55, 6, 11, i2-m*m#m%. 
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ft m $ 



H1/23H 



jft*;stt iooo x«itj^m?n«^Hff*n*AA7». mtt, *m%3&£ft 

1987 ^, US Kodak &3 ft C. W. TANG *A(C W. Tang, S. A. Slyke, Appl. Phys. Lett. 

si. 913 (1987) ) tt&xmnjgiStt. w%*~&mj±mft%&Kftmtt&, m-ft 

^^»^m«B.^IC2lt)K^*J^^ic*W«iSa*J«fl«]W*l/J^^^*4 Alq, 

fls*»*J»*m. «&l*m&JS*7«$ (1%), ff&ftft* (>1.51m/W), fc^Ejg 
(> lOOOcd/m* )fP<ft3g^l %JE « 10V ) fiftHR ( Organic El ectrolurai nescent 
Devices, WTft&OLEDs), tt»«««ttWJftIffjftA--^*jPffieiBtf^. 1990^, g 
9 Cambridge A^lfciiif Burroughes jfdftlWlRl^S^-^^^tfeAWfe 

*W*H*f»S^Aft«aai*. «««EttNPB/Al qi J5Ug||#+. NPBWS 

¥*. AAWPMBsT«#«i«wifc«[*. Aram, aa«ffl-^iS6<j$^:#«ii**^se#-($ffl 

*-#^*A^»*W^tt«a3«:ft»Jg+#ftj rubrene Y. Hamada ft M. S. 

Jang ^A (Y. Hamada, T. Sano, K. Shibata, and K. Kuroki, Jpn. J. Appl. Phys. , 
Part 2 34, L824 (1995) : M. S. Jang, S. Y. Song, H. K. Shim, T. Zyung, S. D. Jung, 
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% m 45 Jg2/233i 



L. M. Do, Synth. Met. 91, 317 (1997) ) «fiT£fcl«rtlFflIfts. Aziz^A (H. Aziz, 
Z. Popovic, N. X. Hu, A. M. Hor, and G. Xu, Science 283, 1900 (1999) ; H. Aziz 
and Z. D. Popovic, Appl. Phys. Lett. 80, 2180 (2002)) iA;*j£:f£ffi#J#U®£^iI 
a&&rubrene#*4, ###&fi?| rubrene 4HPfii§!£fi:P6WttffcJB. M.ffifltfWfrW 

ffifeffittflt^PMit^afc*. tfcftJ, N. Tada^A (N. Tada, S. Tatsuhara, A. Fujii, Y. 
Ohmori and K. Yoshino, Jpn. J. Appl. Phys. 36, 421 (1997) ) £ OLEDs ftj^bfcjg 

mm Aiq 3 ;fn tpd tt&mmTW&ft. cnytmvL&m 

wmx^ n-*iRmm%=-i&®.m, m-^m^m^ 
&m * mm ww#i*m a mmtu b w-jsmm »3&£#mg 

( i ) ^mtn a mmn&Gimmmfa?mmtn b wajsr^w^itig^c 

tSj^HOMOUSi). 

(ID A MlfMKfiflUlffittK^M^fi- B WftffltStH5tt8Bi8<l5lTfliI» 

K^wma^^^ww^^ft^ i~io w&$c. 

^jR3t(i>*i<n». ap«£*m*^»s«i+, *m a tttt*tt&%*r*m b M&ffrtt 

&£. S^W^IHJt^^^Flfelffifi^a^S^, SjfcftM** a Jiff B jgw#ffi&, 
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itt B M V Jg3/233l 



fi^sf^^; (2) MwrajuMfttt**, ««?aisi:*7K'fmmisttniiLiBn 
iKMtTBMtw, <2) 

*^p*JMUtt*^*a!^jS'A«<Mw «o.4ev). utwisittw^ai^fi^ift^ifft*^ 
ajfctt^aa-asKM-aijg. *HjfcwwmTOai±*w« : ?i*»&. inmuttAft? 

+- »#ttffi^»s+wwn«^*«jw*^raM*^raw»*'i'^, test 

ft*****!***!*! 
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ift W V H4/23M 



mmvtw 

ingiftiS (i) 0fj^) o 

m 5 M&Hlgtttft/Mr^HffiJHft n ft OLEDs ^j|»$-|j||It$(M 

h 7 &*%tw&to#j&ttmmitom n & oleds M^ft~%man^(«f^m 

iamfta, (2) ^) . 

a 8 &*&wmtti&iM t ttmmM&. n w oleds 

»«Ift«S»^ (2) J9f^). 

ffl 9 ^*^BJJtai6<J AW ^MJBIfe n ft) OLEDs ft EL ftitBB (M=£i#3$fl£&:£(2) 
0r^)#AW£#5£ (5) «J«#WELjfc#B CBfi-4fc). g+f&£fe (a) Wn=0, ffl 
*fe (b) #Jn=2, |Bj£S ( c ) Mn=4, (d) Mn=6, Aft (e) 5tt&M«#*£;fe*q 

£$3; (5). 
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Alq, 
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T 




AKSaph-q) 


(HI) 


(f 
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J N 
^=N 


BCP 


2, 9- - ^ ^ -4, 7- 

TT rr 


\ ) 
\ // 

O- 


-A) 

Mb 


Bphen 


4, 7--^a-l,10- 
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a* 1,7,7- R9 w m 
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0c>4-to 
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CuPc 
















DCJTB 


^T*-6-(l,l,7,7- 














NC^CN 




. juj rrf -W- o CD 


DCM 












Ga(Saph-q) 


X Xy afiV yt*7 Br*-» -M- 

ft) - <8-»«#> 

^ cm) 


o \ 

/-%_-CH =N — Tc^^ 








H 2 Pc 


ft* 
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rubrene 



TPBi 



TPD 



VOPc 



Zn(Ac) s 
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& m ^ Jg9/2 3M 



SP^OLEDs W**l5bS6M. 



mm c no, suti*, «,^«i?^jan^^^ m> &^$}m&&nw}± 
m, mvtitKim&xi no, pedot, pani *&<j-mm; 3 %m. 

nm, -^5Rfflsk»^, mnmmm^ mwtMmm> ^mm^. 5emmtt&. 5E*i 

^IflO^^Ma^Bl^, t*»4Aft=^K^ (iPNPB, TPDn MTDATA). I* 
mm (iPPVK, BCP, BphenX Htt«#^^-|*#| (ftTPBi, PBD) tt-SWft-fl't* 

n. mwBm&m& ($ncuPc, h,p c > vop C ) it^m^-^mn, ^-wm^im* 

(NPB/CuPchtfj^/iftTl^tfl, NPB^nCuPcWHOMO^^»J^-5.5eV, -4. 8eV, LUMO 
##J*-2.5eV, -2.7eV, ^tfci^(NPB/CuPc)„ ^S^#«lrM6<]«#fi«I^^l:ffl CJ*L 
S2> S3) oTW#ai, STNPB^CuPcMMIS'll^, ^CuPcM^^T^fP 

±m^mm^mim-mk^m^-¥fMn, Aiq 3 . ai cs aP h- q x c a 

(Saph-q)> Zn(Ac) a + #J-*W*4. 7 *fc%«Ji (91&@, 

&tf]Mg:Ag-£-:&^ AgM: 8 %%M. 

±^m-#^ttiftWOLEDs^UJlT^^ (1): 

Glass/ITO/CuPc/(NPB/CuPc)„/NPB/Alq,/Mg:Ag/Ag ( i ) 

n * NPB/CuPc n {t«T^ 1—10 B<jSg#. *lg±i&^^^ (1), 
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1ft HJ miO/23M 



P9«M. IT0Blft2rtkfcffi2j 5G-100O, J&J?2> 80. 0-280. Onm, 
© aLhifcflltt^Jg W ITO SWIt^ffi** l X 10" 5 -5X WPa ftXSttA . 

«±sfc ito m±mm-m c u p c ^^Mwa^i, *t^*«Hg** 

0.02— 0.4nm/s, jRft;*/ 0. 5— 20. Onm ; 

® aLti$ cupc mwmz±mmm&&xft®m, T$&Kfmmxm&& n « 

NPB/CuPc Wfll^M^BMSfc, 3t+ CuPc 0.02- 
0. 4nm/s, STBff^t^-JI CuPc M&JP*, 0. 5-10. Onm, NPBmW^«t 
J&m% 0. 1-0. 6nm/s, M NPB 0. 5-30. Onm? 

® «±«fi^f«wB±«*ji«-j8 npb fi;*ii#tt&Kji. mmmmx 

0. 1—0. 6nm/s, 1&M% 10. 0—45. Ona; 

© ttJbfc NPB fct*«:2:±!l«M Alq,^^S# fi<J %?f#$&Jgfn «£JbfcJI . 
»J&Wl!SttiM&3j 0. 1-0. 6nm/s, 40. 0-100. Onm; 

© *±JtAlq,«BU:±IR»:*«IIg:Ag^Jg, AgM^^IS^WK© 

JS. Mg, Ag j&$l8l£ttSj 10:1. ««UiWA 0. 6-2. Onm/s, 

^«&J££;fc 50. 0-200. Onm, Ag Jgfi<)3Kttifc*3r 0. 3-0. 8nm/s, 
40. 0—200. Onm. 

ttSttEEK ( V|HJ Bt«Jl±*yyR3t ( I ) fD( H) , #tt a ftggWg&^Xt^ C 
*4CM*, ***4A£=3:j&& C*nNPB> TPD> MTDATAX P|H$£ ($n PVFU BCP, BphenX 

mmxim-mzim mummitm+to-mm. *m c rubrene, 

pentacene), #S##S (*nC545T> sESXflttffi^ (SDDCJTB. DCM) ft^+W-##<4, 
% ZlttftfWitJS* (NPB/rubrene)„ B^MfcW^ft, NPB *P rubrene W HOMO &&&#8iJ 
A-5.5eV, -5.4eV, LUMO a&S##J3f-2. 5eV, -3. 2eV. M&ttft(NPB/rubrene).ffc£ft 
fttH@ti«#tttttt**B <J*Lffl6) pTW#a. NPB MSI rubrene M^ffittttfcfc 
ftVfl'^fi^m^tt^^ rubrene JS^ttViUhXIti 5 2f&«JI, 

(NPB/rubrene),, il&Jlttifr*> NPB, 6> 7 P"±Jfi»— 
±i£$&-ft&#tti£W OLEDs AWWT^^ (2): 
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Glass/ITO/ (NPB/rubrene) ,/NPB/Alq a /Mg : Ag/Ag ( 2 ) 

n % NPB/rubrene MTmttmmm, n fevSZ} 1-10 «lg±i*^^^ 

ITOJKW^%|fi* 5 0 -100 Q, 80. 0—280. Onms 

® «±afi»«E«t^FJBW ITOaWHmEAfc lX10- 5 -5X10- J PaB<]K!£JErt. 4 
±*£ ITO tt±««Sft#*g. i££ft#&JI5fcffl£# n i^fflfitJ NPB/rubrene 
tt*l$S7BMtt. rubrene JtttKttift** 0. 02-0. 4nm/s, 

M rubrene 0.5— lO.Onm, NPB WkfoM ! &T&&% 0.1- 

0. 6nm/s, tfSfg«t«-I NPB ftJKJPft 0. 5-30. Onm ; 

0. 1—0. 6nm/s, 10. 0—45. Onm, 

HWiai|$^ 0. 1-0. 6nm/s, 40. 0-100. Onm; 

5S4"££m* Mg, Ag &#&Ifcfcfc;Jt, 10: 1, &«&2£^;*>0.6-2.0nm/s, 

50. 0-200. Onm. Ag JIW&®i&£2j 0. 3-0. 8nm/s. «^ 40. 0- 

200. Onm. 



1-3 

tt&B&tatfcfc , H>h OLEDs W ITO ^Wfffi^^ 200. Onm, CuPc gfrpMittJglJP*^ 6. Onm. 
NPB itrnm^mmm^ 15. Onm, Alq, fc?#ttJIfclJ8£*fcj2> 60. Onm. Mg: Ag Ot±mft Ag 
mtommfrm% 100. Onm, =^ OLEDs + NPB/CuPc JKW^-M»m9<JliJ?Blfi<J^ 
n n flJBlft NPB, CuPc »JKfc|,&ffii*#»JS> 15. Onm, 6. Onm. =^ OLEDs 

J5LS4, ffi 5. 
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NPB/CuPc»JR (n = 0), T* 3 0r5*CuPc, NPBSWBtff^SJ* 12. Onm, 30. Onm. i£8# 
AHVLTmtt (3): 

Glass/IT0/CuPc/NPB/Alq 3 /Mg:Ag/Ag (3) 



S3W$*JS#« NPB/CuPc W#l*7l#*t#)tfJ OLEDs n tt8#ttflgft&ti*n 

*2 





n 


OLEDtt<Kf 


tffcbfWi 

$5H?i]2 


0 
2 
4 
6 


Glass/ITO/CuPc( 1 l.OnmyNPBOO.OnmyAlqjieO.OnmyMgiAg/Ag 
G!ass/ITO/CuPc(6.0nm)/|NPB(7.5nm)/CuPc(3.0nm)]i/NPB(l5.0nm)/Alqj(60.0nm)/Mg:Ag/Ag 
Glass/ITO/CuPc(6.0nm)/(NPB(3.8nm)/CuPc( 1 .5nm)]4/NPB( 1 5.0nm)/Alq,(60.0nm)/Mg:Ag/Ag 
Glass/ITO/CuPc(6.0nm)/[NPB(2.5nin)/CuPc( 1 .0nm)],/NPB( 1 5.0nm)/Alqj(60.0nm)/Mg.Ag/Ag 



^3 







mm\ i 


mtam 1 


£S£{?'J 2 


%M9l 3 






0 


2 


4 


6 


m 






mmm 


ITO 


200.0 


mwm 


CuPc 


12.0 


6.0 


6.0 


6.0 




NPB 


0 


7.5 


3.8 


2.5 


CuPc 


0 


3.0 


1.5 


1.0 




NPB 


30.0 


15.0 


15.0 


15.0 




Alq, 


60.0 




Mg:Ag 


100.0 


Ag 


100.0 




'tiatsjfcvw 


400 






1400 


1960 


3900 


800 
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n w 4s jgi3/235i 



# 




3.8 


4.3 


9.8 


2.3 


a* 




1000 






Ti/i/h 


2.5 


2.7 


3.5 


2 






25 


27 


35 


20 



34raA/Wfft» X*&«#*ifc»Sfcorj£ 10.8cd/A, i£SM^0fJ*LIffc* Alq, 



4 

fflttfc* XWLM&ZLftftTm?, ITO ftjg|#27 180. Onm. fc&T/5»J ITO 
ffi^J^ lXlO-'PaWX^fert, 3IJ9tt*£5r&fi ITO JK±j&« CuPc aitilWBI. X«e% 
0.04nra/s. J£JP*J 6. Onm. & CuPc ^#»J8±*£&H«£#£JI£?v:#$&jI 
(NPB/CuPc)., £+NPB**WH«»ao.2nm/s. JgtJ?;fc 3. 8nm, CuPc 

0. 04nm/s, 1. 5nm. «*£7fr&*«:fc±aH*&« 15. Onm M NPB Jgftfcil 

tt&. 0.4nm/s, ^JlttttftilWftSblBJB Alq„ 0. 2nm/s. JR 

ff* 60. Onm. £ Alfeff £±tt«K«±M. £Jigflc&Efe Mg:Ag £-&M*P Ag JliSjfc, 
^fi^Mg* Agm&mm&,$j 10:1. m&&j&m% l.Snm/s, Jg|J?*> 100. Onm, Agfcj 

0.5nm/s, &1ftJ*£ft 100. Onm. *#JS3&Sfeffi* 2.5V, 
16000cd/m 2 . ***&fc36mA/cm , B*. XtJffidt^a^fcft*^ 10. 8cd/A. 



«W5 

*Jffl«»W^*Jj8^»*K^*jffljirfi«i^xt35r4fe*H3% 60 oft ITO ^flfca^T 
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0. 06nm/s, 8. Onm. £ CuPc tttt*J0t±jK&gK«&#£€£ft$*jg 

(NPB/CuPc)„ #*NPB*JBI6m«a**0.2nm/s, 7. 5nra, CuPc &&&&&& 

m% 0. 06nm/s. J8tJ?*j 3. Onm. £&£ft#8irM:i±*£&2£« 20. Onm ft NPB & 
0. 2nm/s,;t±&£&&*r#i2,&&JI AKSaph-q), ifttag^ 0. 2nm/s, 
M»*60.0nm. £ Al (Saph-q) S^±ttttH«MJ5. &AjBflt*£ Kg:Ag **£ 
* Ag M&fig, Mg, Ag |«i|f^ 10:1, fttt&i&tft 1.5nm/s, Jg&J?;*, 

150. Onm: Ag MIKttift**) 0. Ws, 50. Onm. 8#£X«£Xr 2. 8V. 

13000cd/m 2 . 



*jffl*»tttt*#jaw*K^*a^»^ffijjt^riiii%ii^ 30 am no mm&ft 

fcifc. #;tt«aEtt*MTT*HF. X+ ITO #Jl& 140. Onm. JBfcTJSW ITO #JR2T 
ffi^7^ 1. 5X10" a Pa W^SlBrt, *Jffl&J&£2r>£|»J ITO ®±mm. CuPc tttt>ftjK. 

0. 03nm/s, 8W8I#£3; 4. Onm. £ CuPc «tf*JK±ai&lt«2f#£J!£7v:ft$fr 
JI(NPB/CuPc)„ **NPB*«»«^*fc0.2nm/s. KJPA2.0», CuPc 
*** 0. 02nm/s, JgSJ¥*> 0. 75nm. £&#8irM:t±*ll&&« 20. Onm ft NPB Jgf^&& 
0. 2nm/s. £±!K&*flftr«l$jgg& Zn(Ac) if 0. 2nm/s, 

#Sff*j60.0nra. £ ZnCAc),«£±f|gMfejM, ^JgJg^S Mg:Ag *&jg*l Ag 
m&!&, Stem* Mg, Ag &«&;*bt& 10: 1, l. 5nm/s, 180. Onm ; 

Ag #Jj£«j&£;*i 0.5nm/s, 50. Onm. S^Jg^tfeffi*; 2.9V, 

3? 12000cd/m*. 



ttt&tt*rtfc, H>hOLEDsfi<IITOMfi<JJ?S^^240.0nm, NPBfcJgl (ftftttttft) tt&jRff 
*&*j40.0nm, nft» ftrubreneftjRft&ftffjgfts. Onm, Alq,%^f#»@fie,stjp^^ 
60.0nm, Mg:Ag-££M#] AgM ft 9 « # »J * 100. Onm , R & = ^ OLEDs * $ # fl<j 
NPB/rubrene/gW«-Mrubrene»ieMJS]?l®^»S!Cnfl<I^lW!M$ifc, §-MNPB»B$ffj 

»$-%at*Sft^^9JjlB,ffl7, BS8. 
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ifc « # 3I15/23M 



S!ffl£»J 7-9 RI#W^r^fM*-^ttW oled, &f#&«tt+sw#J#££W 
NPB/rubrene $/R (n=0), T£ 4 NPB IWIff^ 40. Onm 0 &«#.»WWT&$ 

(4): 

Glass/ITO/NPB/Alq :i /Mg:Ag/Ag (4) 



^4 





n 


OLED&ft 


£JfcW8 


0 
2 
4 
6 


G lass/lTO/N PB(40.0nm)/A lq 3 (60.0nm)/Mg: A g/A g 
Glass/ITO/[NPB(5.0nmVrubrene(4.0nm)]>/NPB(30.0nm)/Alq 3 (60.0nm)/Mg:Ag/Ag 
Glass/ITO/[NPB(5.0nm)/rubrene(2.0nm)] 4 /NPB(20.0nm)/Alq 3 (60.0nmyMg:Ag/Ag 
GIass/!TO/[NPB(5.0nm)/rubr^ 



ffl#0«M 7-9 fflHW2rfc*!|#— >HHfcW OLED, &f§&8tt*» : ?ffil#£«ft 
NPB/rubrene ®M (n=0), fi^ftHS* 60. Onm ffW»j»fT 2wt% rubrene tfj Alq, 
€. «#^W»T*5^^, i^l§#AWWT^jjS: (5): 

Glass/IT0/NPB/Alq 3 : rubrene (2wt%) /Mg : Ag/Ag (5) 
S9ffi^#±i$OLEDsWEL3tei»ffl, (aX (bX (cX (d) MJJttJS^Wi;^ 
^JBft^O, 2, 4, 6WW«l%St2S*l*#, ffi^ (e) XtJffiAfl"±a«S»ii: (5) W*# 
(&rubrene£tfif|feWft>. Sff]3K«SlJlffl«^3fi»n»i«iiq. ^SJ^WNPB/rubrene 
WtaiTSf^^W^WEL^feitfW^S^. n=0W«# (ffl^a) £tB520nn.MAlq :1 |ft 
m&%.ft, iMM.n = 2W## (ttttb) # n =4W»ft (ft^c) MEL^»ffl±*gJBg 
Mil Trubrenetfj^ft, IHBt^OnmPftifi^WAlq^^^Jfi^. {|ff n=6S<J 
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& m H B16/23M 



515 







*t It 0*1 2 


7 






*jltffl3 






0 


2 


4 


6 


0 










no 


240. 0 




NPB 


0 


5. 0 


5.0 


5. 0 


0 


rubrene 


0 


4.0 


2.0 


1.3 


0 




NPB 


40.0 


30.0 


20. 0 


10.0 


40.0 




Alq, 


60.0 


60.0 


60. 0 


60.0 


60. 0 

2wt 
% rubrene) 


TOM 


Mg:Ag 


100. 0 




Ag 


100. 0 




■lii/titf/JSC/A/nr 


3000 




«##» 


vS&'/cd/nf 


6160 


9000 


17800 


13500 








2.01 


3.03 


6. 00 


4. 46 








528 


548 


556 


560 ! 


564 
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itt m 45 mn/23M 



mmmmmmm, &m&xt m^mtom®, »w^m&mrm. mat, 
K&m&sm, &5tft&wmmftft*>bmm®mmto&mfa rubrene m, 

10-13 

^ft&wj 7-9 m&jijmm&%ffim 10-13 mm-, ^f+w^jw^* 4, 

*#W^mPT*6j^.35^ft»S*ffllffB/rubrcne WmS^W^WWOLb'Ds 4». NPB 



«6 







10 


mmm 11 


mmrn 12 


■&mm 13 






4 




€ 




J&ff/nm 




ITO 


240.0 


240.0 


240.0 


240.0 




NPB 


1.0 


3.0 


5.0 


7.0 


rubrene 


2.0 




NPB 


36. 0 


28. 0 


20.0 


12.0 




Alq, 


60.0 






Mg:Ag 


100.0 


AS 


100.0 




*ac3?<Sf/A/oi-' 


3000 






15000 


24000 


18000 


17400 




»*»*/cd/A 


5.00 


8. 00 


6. 00 


5.80 
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« BJ3 & 3H18/233T 



*«6 5TW#{ii. M§NPB®ff«3j3.0nmltffc. Bff Sfffig^ I. Onra 



14-17 

7-9 l^#fi«J^#J*$jSfift( 14-17 #8ft-ftfflJtf|j&J$3; 4, 

m^WftttfclT* 7 0r5*. NPB/rubrene ?f ftlft-TW^faftj OLEDs 



317 







Sttffl 14 


£»J 15 


mmm i6 








4 


/I 


#«. 




pate 


ITO 


240.0 




NPB 


5.0 


rubrene 


1.0 


2.0 


4.0 


6.0 


aits 


NPB 


20.0 




Alq 3 


60.0 




Mg : Ag 


100.0 


Ag 


100.0 




tliifcVfft&'/A/in-' 


3000 




•^/Hi/cd/nr 


10500 


18000 


15000 


15000 






3.50 


6. 00 


5. 00 


5. 00 



£l3l7nm#ti3, rubrene £ff&tt##ttf£g*8<K ^LOnm^ff^ 
Sfcltt. flTW*«I«tt*#. i4#ttS»WffJS. *£TO&2;2.0nm. 



21 



03121063. 5 



T& W M 19/2 ZJ% 



18-21 

mw&Mw 7-9 ttmKrtmm&mnm is— 21 &mmmw&&*} 4, 
mrngtmrm 8 #r^. £Xftmm%mmtJim?-w%ifo&} oleds ^teasm** 



*8 







18 


&»] 19 


mmm 20 


&»J21 












4 


mm 


ITO 


240.0 




NPB 


5.0 


5.0 


5.0 


5.0 








CuPc 


rubrene 


rubrene 


DCJTB 






2.0 


2.0 


2.0 


2.0 




NPB 


20.0 


20.0 


20.0 


20:0 






Alq, 


Alq, 


Al (Saph-q) 


Ga (Saph-q) 




60.0 


60.0 


60. 0 


60.0 


mmm 


Mg:Ag 


100. 0 


Ag 


100.0 






3000 


»##* 




22000 


17800 


25800 


9500 






Wcd/A 


7. 03 


5.90 


8.60 


3. 17 






528 


550 


560 


620 



%tfoW 22-24 
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& W 45 J&20/23M 



mwmmm 7-9 *B^w^$!i#^ttM 22-24 «#tt&tt«aT& 9 0^. 

ffl*0**« 22-24 HBW^rfciM*-^ OLI-D, ^ & & £#6<J 

NPB/rubrone MM (n=0), ttfrgftftlTIt 9 

5E^t#«i®*ffl NPB/rubrene W#Lft^ Sft^lft OLEDs + . fflJW# n *tff#^ifrlft 
^^*DT^9/fr^. 



«9 







*tf£#j4 


«#'J 22 


23 


24 






0 


1 


4 


6 




*m 


$£J¥/nm 


raws 


ITO 


240.0 




NPB 


0 


5.0 


5.0 


5.0 


rubrene 


0 


8.0 


2.0 


1.3 




NPB 


40.0 


35.0 


20. 0 


10. 0 




Alq, 


60.0 




Mg:Ag 


100.0 


Ag 


100.0 




tUtftt&tft/cd/m 3 


1000 




Wh 


2. 5 


2.4 


2.6 


1.5 






25 


24 


26 


15 



%mm 25 
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ift IB 45 H21/23M 



ffi** 2X10- J Pa WJE^Krt, ITO &±&«£|f£Jg2:7\:fl$WI 

(NPB/rubrene)„ K«*> NPB »J8IWH«|ii^^ 0. 2nro/s, 5. Onm, rubrene MBM 

0. lnm/s. I8J?A 2. Onm. &i££;*f#8&M:t±&&&« 20. Onm ft NPB Jgfl: 
0.2nm/s, i±««*«W«l*IBJS Al (Saph-q), 
0. 2nm/s, 60. Onm. £ Al (Saph-q) /Si±*«JHt^JRJg, £*JS«tffcl& Mg:Ag 

^MAgllBA. ^S4»Mg, AgXtttt*tb*lO:l, KtAl*Ai.Sn/s, At 
150. Onm. Ag 0. 4nm/s, &&J?£3j 50. Onm. 2.8V, 



^Jfefc! 26 

m&, #j&mtE£.tmTWiT. no mmm*> 260. onm. si^^wito-rm^ 

ffi^j^ IX 10" J Pa fKj*£&rt. *JJ8&££:*f*fcfa ITO|g±^« 10. Onm ft CuPc 
m®&m% 0. 02nm/s. KB, «±ffi^«t3t#^M^^ftl&M(NPB/rubrene) J , NPB 
0. 2nm/s, 5. Onm, rubrene »J8Sft3S«5gIf^ 0. lnm/s, &ff 

^ 2. onm. &&&Kttmm2.±m*&mm 20.0™ npb mmmm% 

0. 2nm/s, ^±^^H«W«l*^ Al (Saph-q), &*iS** 0. 2nm/s, 60. Onm. 

2EA1 (Saph-q) @^L±fllttffttMjB. ^JIMftftlS Mg:Ag Ag JR«J«, ^ 

Mg, Ag 10:1, 1.5nm/s. 1BIJ?*> 150. Onm, Ag ftift 

O.Ws, &«J?jR3f 50. Onm. ##JS**ffi* 2.5V, 
26000cd/m 2 . 



£Sfefcl 27 

^Jffl^WWifc^ia^iW^^Ui^W^^ifc^ia^ 1000ft iTOSfeJWaEfi 1 
«*. MKaWTRT, IT0ftJg|g3j60.0nm. ftftT/gft ITO S«g^Ji 

^?^7 2xio- j pa wAsjgrt, fj^^^^^j ito m±m&%.w&m&Ktemm 

(MTDATA/rubrene),., OTDATA *jRnft«&*ft 0. 2nm/s. l&J?*, 5. Onm, rubrene 
«.J8lft&«&#3j 0. lnm/s, jgtJ9;*j 2. Onm. &&&KftifamiL±.mmkQL 5. Onm ft NPB 

mftxijtmm, mm&m% o.2nm/ s , i±fn**tt*#n&iBji ai Qi , m&m%% 

0.2nm/s, 60. Onm. « Alq,Jg^±ltt«Sm^AJS, ^SM^S Mg:Ag 

» AglfflfiSE. Mg. hgm®Mmik% 10:1, &«&i£2£;fc l.5nm/s, JKJ?^ 
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% m ^ M22/23M 



150. 0nm s Ag WjK«H£$*J 0. 4nm/s. 50. Onm. «#£&(feJE;*j 2. 8V, 

14000cd/m'. 



£Jfcfcl 28 

»8fc. tfttMSttJMTT*^. ITO 100. Onm. ft^^jgtt ITO a*J«g^ 

a** 2xio- 3 p a maska, fdmuKft^f^ ito m±m&$zmzm&Kftmm 

(TPD/DCJTB)«, TPD *jRtttM£&** 0. 2nm/s, 5. Onm, XJTB 

XLm%> 0. lnm/s. 2. Onm. ft«£ftft*M:t±«fc||« 20. Onm ft TPD Mf^^S 

tt&. 0.2nn/s, £±&&3&&W#l#l£JI Alq,, 0.2nm/s, Jg 

60. Onm. ft Al* JK£JOt&mftJM f ^M^IR^S Mg: Ag Ag JRfijft. 

*48t Mg. Ag &&i£4gfct;*7 10:1, 1.5nm/s. 150. Onm; Ag #J 

0.4nm/s, 50. Onm. 2.8V, **&%dfcA* 

12000cd/m 2 . 



&ifefci 29 

it*. tfStSfc&^tfTgB 1 , «4»IT0tt«ff*150.0nm. ITO««g^ 

ffi^^ ixio- a Pa ttAsieft. mmnm&imto ito &±j$«x##jg£;ft:<f#*jrji 

(MTDATA/rubrene)«, MTDATA »ffl|fl<lll«^^A 0. 2nm/s, jg|j£3j 5. Onm, rubrene 
8Dttt&ttig*ft 0. 2nm/s, 2. Onm. &&&KWtemX±Jm&&m 20. Onm ffj 

MTDATA fflBLM > ff«n^0.2m/8. :t±Jttl&flffi#UftttjB Alq,. ft*** 
* 0. 2nm/s, jRJP* 60. Onm. ft Alq,M2L±m^«E^JUM, Mg:Ag 
M*0AgM4&/£, Mff^Kg. AgXtt**tfc*10:l. XttJftMA 1.5nm/s. 
150. Onm: Ag 0. 4nm/s, m&W-fe*} 50. Onm. 3S#B2E*&3f 2. 8V, Ml* 

18000cd/m s . 



s£Jg#| 30 

f8#t, #*ftSft£*hlTT&T, ITO MJ8J?3j 280. Onm. JCflBMsffj ITO SfcSg^ 

4xio- J Pa.MA£&rt, *Jffl»J|»^«fii ito flt±ll«l%»^JB£^:#M 
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ift W 4? j|23/23^ 



(NPB/C545T),, NPB »BS&<Ji5&«i£#2> 0. 2nm/s, J8U9*j 5. Onm, C545T »Blfi<Jj5!$[ 

0. lnm/s. mm* 2. Onm. £&£ftte«WI£±&&l&$S 20. Onm W NPB Ail 
mm, 0.2nm/s, 2.±ii«»K«W«L^I6@ Alq„ *«H&*ft 0.2nm/s, 

60. Onm. £ Alq,a^.±^j!l«^«M, ^If^^A Mg:Ag £-5feJt*D As jggij£, 
-£&JI*Mgs Ag^ii^bfcA 10:1, iUWfAl.6nB/s, 150.0nm ; Ag #J 

0.4nm/s, H«j|CSA 50. Onm. 3&#B&fcffi*J 2.5V, S^^^jg^j 

28000cd/m*. 



&J&fc0!l 31 

mm, xnim&iaLfimTMT. no 220.0™. im=Fj3tono&mtt 

3xio-'Pa WK^JBrt. *Jffi»JK£2r&ffi no SI±&$tXg£M£;A:ff8JM 

(MTDATA/DCM) S , MTDATA m&ttm®M&$l 0. lnm/s, 5. Onm, DCM f*#tft3£ 

0. 05nm/s, ffll&A 2. Onm. tE\$&K^m^±J&*m®. 20. Onm ft NPB mtt 
MMftiftfcjb 0. 2nm/s, Z±&mM t &mWtomm Bphen, H$Hti£#> 0. 2nm/s, 
mm% 60. Onm. ffi Bphen €2.±g|&£tt&jHjg, &JBIJBfti&& Mg:Ag #jfejg« Ag jg 
-£&M*Mg. Ag 10:1, 1.5nm/s, mJ?A I50nm ; Ag 

Mm&mm% O. Ws, 50. Onm. *#B^f&ffi#> 2.5V, mjz&lt&mX} 

28000cd/ro i . 
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ifc w v m 



M1/5M 



7 
6 



-f- 8 



LUMO 
ITO 



CuPc j 


npb; 


CuPc i 




NPB: 


CO 

cr 
< 














/... 


\ 





Mg:Ag 



HOMO 
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28 



